iiiiiiiiiiiiin 

© Publication number: © 831 311 H &2 



© EUROPEAN PATENT APPLICATION 

© Application number: 94108682.9 © Int. CI. 5 : H01L 23/29, H01 L 23/31 



© Date of filing: 07.06.94 



® Priority: 17.06.93 US 79192 


© Applicant: INTERNATIONAL BUSINESS 


© Date of publication of application: 


MACHINES CORPORATION 


Old Orchard Road 


28.1 2.94 Bulletin 94/52 


Armonk, N.Y. 10504 (US) 


© Designated Contracting States: 


© Inventor: Bronson, Lance Alan 


DE FR GB 


Vandermark Drive 




Port Crane, 




New York 13833 (US) 




Inventor: Moore, Scott Preston 




20 Sprlngtree Blvd. 




Apalachin, 




New York 13732 (US) 




Inventor: Shrlver III, John Andrew 




402 Main Street 




Owego, 




New York 13827 (US) 




© Representative: Schafer, Wolfgang, Dipl.-lng. 




IBM Deutschland Informationssysteme 




GmbH 




Patentwesen und Urheberrecht 




D-70548 Stuttgart (DE) 



© Pinned ceramic chip carrier. 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



© A ceramic chip carrier is disclosed which prefer- 
ably includes a ceramic substrate having a circuitiz- 
ed surface, at least one semiconductor chip moun- 
ted on the circuitized surface, and at least one pin 
which is mechanically and electrically connected to 
a contact pad on the circuitized surface. Each me- 
chanical/electrical connection between a pin and a 



contact pad includes a conventional solder connec- 
tion. In addition, each such solder connection is at 
least partially encapsulated in a material, including 
an epoxy resin, which is chosen in relation to the 
solder connection to enable the solder connection to 
withstand a standard thermal fatigue test 
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Background of the Invention 

1 . Field of the Invention 

The invention pertains generally to ceramic 
chip carriers and, more particularly, to ceramic chip 
carriers which include lead frames or edge clips, or 
pins. 

2. Description of the Related Art 

One type of semiconductor chip package in- 
cludes one or more semiconductor chips mounted 
on a circuitized surface of a ceramic, e.g., alumina, 
substrate. Typically, such a semiconductor chip 
package, conventionally termed a ceramic chip car- 
rier, is intended for mounting on a printed circuit 
card or printed circuit board. If surface mounting is 
to be used, then, conventionally, a ceramic chip 
carrier will include a lead frame which is mechani- 
cally and electrically connected to electrical contact 
pads formed around the periphery of the chip- 
bearing, circuitized surface of the ceramic sub- 
strate. 

Ceramic chip carriers of the type referred to 
above include both single-layer and multi-layer ce- 
ramic substrates. In the former case, the chip car- 
rier is fabricated by initially circuitizing an upper 
surface of the single ceramic layer using conven- 
tional thick film metal screening techniques. The 
metal employed is, for example, an alloy of silver 
(Ag) and palladium (Pd), which has a melting tem- 
perature of 1145*C and an electrical resistivity of 
20 x 10~ 8 ohm-meters (Q-m). The resulting circuit 
lines typically have thicknesses and widths of, for 
example, 12.7 un and 76.2 urn (0.5 mils and 3 
mils), respectively. After circuitization, the resulting 
ceramic layer is fired in air at a temperature of, for 
example, 850-950 °C which is readily withstood by 
the Ag-Pd alloy. A semiconductor chip or chips is 
then mounted on the circuitized surface using con- 
ventional wire bonding techniques. 

In the fabrication of a multi-layer ceramic sub- 
strate, each ceramic layer is usually circuitized 
using conventional thick film screening techniques, 
and these circuitized ceramic layers are then cured 
and laminated together at firing temperatures of, for 
example, 1900°C. To withstand these high tem- 
peratures, the circuitry on each of the circuitized 
layers typically consists of a refractory metal such 
as molybdenum (Mo) or tungsten (W), which have 
melting temperatures equal to or greater than 
2625 *C and corresponding electrical resistivities 
equal to or greater than 5.2 x 10~ 8 0-m. As before, 
a chip or chips is conventionally mounted on the 
multi-layer ceramic substrate using conventional 
wire bonding techniques. 



Regardless of whether the ceramic chip carrier 
includes a single-layer substrate or a multi-layer 
substrate, a lead frame has conventionally been 
mechanically and electrically connected to contact 

5 pads on such a ceramic chip carrier using conven- 
tional brazing techniques. The braze materials em- 
ployed have included, for example, alloys of indium 
(In) - copper (Cu) - silver (Ag) and Cu-Ag, and the 
brazing temperatures have been as high as 750 * C. 

10 Significantly, the brazed joints between the 

lead frames and ceramic substrates of the ceramic 
chip carriers, described above, exhibit what is con- 
sidered to be acceptable thermal fatigue resis- 
tance. That is, these joints readily withstand a 

75 standard thermal fatigue test during which they are 
subjected to sinusoidal temperature cycling be- 
tween 0°C and 100°C, at a frequency of three 
cycles per hour, for at least 2000 cycles without 
any significant increase in electrical resistance, i.e., 

20 any increase in electrical resistance, if it occurs, is 
less than 200 milliohms. 

Currently, there is a need to reduce the width 
of the circuit lines on the circuitized surfaces of 
ceramic chip carriers to a value equal to or less 

25 than about 25.4 urn (about 1 mil), while simulta- 
neously reducing the thickness of the circuit lines 
and contact pads to a value equal to or less than 
about 7.6 urn (about 0.3 mils). This is readily 
accomplished by a conventional thin 

30 film/subtractive etch process in which a metal layer 
is blanket deposited onto a ceramic substrate by 
conventional sputtering or evaporation techniques 
and then patterned via chemical etching to define 
circuitry on the ceramic surface. To avoid increas- 
es ing the electrical resistances of the circuit lines, 
etchable metals having electrical resistivities equal 
to or less than about 6 x 10" 8 Q -m, such as 
copper (which has an electrical resistivity of 1 .7 x 
10~ 8 Q-m), are employed. 

40 There is now also a need to achieve a rela- 
tively high density of chip connections on ceramic 
substrates, which is not achievable using the con- 
ventional wire bonding technique. However, this is 
now readily accomplished using the so-called flip 

45 chip technique in which one or more chips are 
mounted face-down on solderable metal pads on a 
ceramic substrate, using solder balls. In this re- 
gard, a patterned layer of chromium on the copper 
circuitry is needed to serve as a solder dam, i.e., to 

so control the solder volume of the solder ball connec- 
tions. 

Attempts to braze lead frames to ceramic chip 
carriers employing copper circuitry in combination 
with chromium solder dams, at the brazing tem- 
55 peratures associated with braze materials such as 
In-Cu-Ag and Cu-Ag alloys, have resulted in the 
chromium solder dams diffusing into the copper 
circuitry, making flip chip joining impossible. Con- 
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sequently, brazing lead frames to such ceramic 
chip carriers, using these braze materials, is in- 
appropriate. 

Thus, those engaged in developing ceramic 
chip carriers have sought, thus far without success, 
a ceramic chip carrier which includes: 

(1) thin film circuitry of, for example, copper in 
combination with a solder dam of, for example, 
chromium on a ceramic substrate, 

(2) one or more semiconductor chips mounted 
in a flip-chip configuration on the circuitized 
ceramic substrate using solder balls, 

(3) a lead frame connected to contact pads on 
the circuitized surface of the ceramic substrate, 
in which the mechanical/electrical connections 
are formed at temperatures below the tempera- 
ture at which the solder dam diffuses into the 
circuitry, and 

(4) mechanical/electrical connections which are 
capable of withstanding the standard thermal 
fatigue test. 

Summary of the Invention 

The invention involves a new ceramic chip 
carrier having circuitry and contact pads of, for 
example, copper, in combination with a solder dam 
of, for example, chromium. In addition, this ceramic 
chip carrier includes an electrically conductive lead 
frame or edge clip, mechanically and electrically 
connected to the contact pads, which permits sur- 
face mounting onto a printed circuit card or printed 
circuit board. 

By contrast with previous ceramic chip carriers, 
each mechanical/electrical connection between the 
lead frame or edge clip and the corresponding 
contact pad includes a conventional solder connec- 
tion, which is formed at a temperature below the 
temperature at which the solder dam diffuses into 
the copper circuitry. However, such a conventional 
solder connection, per se, is incapable of passing 
the standard thermal fatigue test, i.e., such a solder 
connection will exhibit an increase in electrical re- 
sistance equal to or greater than 200 milliohms 
after being subjected to sinusoidal thermal cycling 
between 0*C and 100*C at a frequency of three 
cycles per hour, for at least 2,000 cycles. 

Significantly, the invention also involves the 
finding that encapsulating a conventional solder 
connection with an epoxy resin at least partially 
filled with an appropriate type and amount of filler 
material serves to achieve a combination sol- 
der/epoxy resin connection which readily passes 
the standard thermal fatigue test. Among its most 
important features, the at least partially filled epoxy 
resin should have a coefficient of thermal expan- 
sion (CTE) which is within +/- 30% of the CTE of 
the solder connection. Provided this requirement is 



met, it has been found that stresses applied to the 
solder connection, such as those applied during the 
standard thermal fatigue test, are shared by the at 
least partially filled epoxy resin, and the combina- 

5 tion solder/epoxy resin connection readily passes 
the standard fatigue test. On the other hand, if the 
CTE of the at least partially filled epoxy resin does 
not meet the above requirement, then it has also 
been found that there is little or no stress sharing, 

w and such a solder/epoxy resin connection will fail 
the standard fatigue test. 

Brief Description of the Drawing 

75 The invention is described with reference to 

the accompanying drawings, wherein: 

Fig. 1 is a cross-sectional view of a first pre- 
ferred embodiment of the inventive ceramic chip 
carrier, which includes a lead frame or edge 

20 clip; and 

Fig. 2 is a cross-sectional view of a second 
preferred embodiment of the inventive ceramic 
chip carrier, which includes pins. 

25 Detailed Description of the Preferred Embodiment 

The invention involves a ceramic chip carrier 
which includes, for example, a single-layer ceramic 
substrate having an upper circuitized surface where 

30 the circuitry and contact pads are of, for example, 
copper, in combination with a solder dam of, for 
example, chromium. In addition, a first preferred 
embodiment of the inventive ceramic chip carrier 
includes a metallic lead frame or edge clip, me- 

35 chanically and electrically connected to one or 
more contact pads on the circuitized surface of the 
chip carrier, which permits the ceramic chip carrier 
to be surface mounted onto a printed circuit card 
or printed circuit board. Significantly, the mechani- 

40 cal/electrical connections between the lead frame 
or edge clip and the one or more contact pads are 
achieved at a temperature below the temperature 
at which the solder dam diffuses into the copper 
circuitry. Moreover, these mechanical/electrical 

45 connections readily pass the standard thermal fa- 
tigue test. 

As depicted in Fig. 1, a first preferred embodi- 
ment of the inventive ceramic chip carrier 10 in- 
cludes a single-layer ceramic, e.g., alumina, sub- 
so strate 20. This substrate has at least one surface 
30 bearing circuitry, including circuit lines (not 
shown) and one or more electrical contact pads 40 
positioned adjacent the outer periphery of the sur- 
face 30. This circuitry is formed using, for example, 
55 the conventional thin film/subtractive etch process 
yielding circuit lines having widths which are pref- 
erably equal to or less than about 25.4 urn (about 1 
mil) and thickness s which are preferably equal to 



4 



5 



EP0 631 311 A2 



6 



or less than about 7.62 urn (about 0.3 mils). In 
addition, the circuit lines and contact pads 40 are 
of an etchable metal having an electrical resistivity 
equal to or less than about 1.7 x 10~ 8 G-m, such 
as copper (Cu). Although not depicted in the draw- 
ing, a patterned layer of chromium, having a thick- 
ness of, for example, 80 nm (800 A (Angstroms)), 
is preferably provided between the circuitry and the 
ceramic substrate 20 to increase the adhesion of 
the former to the latter. In addition, a patterned 
layer of, for example, chromium, having a thickness 
of, for example, 110 nm (1100 A), is provided 
directly on top of the circuitry to serve as a solder 
dam. 

At least one semiconductor chip 50 is prefer- 
ably mounted in a flip-chip configuration on the 
circuitized surface 30 of the ceramic substrate 20 
using, for example, solder balls 60. A ceramic, e.g. 
alumina, cap 70 is, for example, epoxied to the 
surface 30, over the semiconductor chip 50, so as 
to protect the chip 50 from mechanical damage 
and from the environment. While the cap 70 also 
serves to cover and protect a portion of the cir- 
cuitry on the surface 30, a significant portion of the 
circuitry is not covered, and therefore not pro- 
tected, by the cap 70. 

The inventive ceramic chip carrier 10 also in- 
cludes a metallic lead frame or edge clip 80 of, for 
example, copper, which is mechanically and elec- 
trically connected to the contact pads 40. Each of 
the mechanical/electrical connections between the 
lead frame or edge clip 80 and the contact pads 40 
includes a region of solder 90, having a composi- 
tion which includes, for example, 10% (by weight) 
tin (Sn) and 90% (by weight) lead (Pb). Such a 
solder connection is readily formed by depositing a 
corresponding region of solid solder onto a contact 
pad 40, placing the lead frame or edge clip 80 on 
the region of solder, and then melting and reflowing 
the solder at a temperature of, for example, 365°C, 
which is below the temperature at which the chro- 
mium solder dam diffuses into the copper circuitry. 
As noted above, this solder connection, per se, is 
incapable of passing the standard thermal fatigue 
test. 

Significantly, in accordance with the invention, 
each solder connection between a contact pad 40 
and the lead frame or edge clip 80 is at least 
partially, and preferably totally, encapsulated in a 
region of material 100 which is chosen in relation to 
the solder connection so that the solder connection 
is capable of passing the standard thermal fatigue 
test. In addition, the material 100 is preferably also 
chosen so as to be useful in encapsulating the 
exposed circuitry on the surface 30, as depicted in 
the drawing, in order to protect the circuitry from 
the environment. 



With regard to the choice of the material 100, a 
main ingredient is invariably an epoxy resin. In this 
regard, a wide variety of epoxy resins, including 
cyclohexyldiepoxide resin, have been found to b 

5 useful within the context of the invention. However, 
all of these epoxy resins, per se, have also been 
found to have coefficients of thermal expansion 
(CTEs) which are more than 30% greater than the 
CTE of the solder connection. For example, a 10% 

10 tin-90% lead solder connection has a CTE of 30 
ppm/°C, while the CTE of unfilled typical epoxy 
resins range from 50-300 ppm/°C. By virtue of 
such a CTE difference, it has been found that the 
use of any such epoxy resin, per se, in combina- 

75 tion with a solder connection results in a mechani- 
cal/electrical connection which fails the standard 
thermal fatigue test. 

In further accordance with the invention, it has 
been determined that whatever epoxy resin is em- 

20 ployed, in general it must be modified by incor- 
porating an appropriate filler material into the ep- 
oxy resin, having a CTE lower than that of the 
epoxy resin, per se, to achieve an at least partially 
filled epoxy resin having a relatively low CTE. 

25 Moreover, it has been found that increasing the 
amount of such filler material decreases the CTE of 
the at least partially filled epoxy resin. Thus, by 
adding an appropriate amount of filler material, an 
at least partially filled epoxy resin is readily 

30 achieved which exhibits a CTE which is within 30% 
of the CTE of the corresponding solder connection. 

To avoid short-circuiting the electrical connec- 
tion between a contact pad 40 and the lead frame 
or edge clip 80, the filler material should be elec- 

35 trically insulating. Thus, one useful filler material is, 
for example, silica. 

In choosing an epoxy resin (at least partially 
filled with an appropriate filler material), it is gen- 
erally desirable that the (at least partially filled) 

40 uncured epoxy resin has a viscosity in the range of 
195-265 Pascal-seconds (Pa-S) at 25 *C and 2.5 
rpm. As a result, such an (at least partially filled) 
epoxy resin is readily dispensed using a syringe, 
and readily flows over a surface which includes, for 

45 example, a lead frame or edge clip soldered to 
contact pads. 

If, for example, the solder connection, per se, 
has a composition which includes 10% tin and 
90% lead, and if the corresponding epoxy resin 

50 has a composition which includes, for example, 
cyclohexyldiepoxide resin, then it has been found 
that the amount of silica filler material incorporated 
into the epoxy resin should range from about 60% 
(by weight) to about 70% (by weight). Amounts of 

55 filler material less than about 60% (by weight) are 
undesirable because the CTE will be too high and 
the flow characteristics undesirable. In addition, 
amounts of filler material greater than about 70% 
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(by weight) are undesirable because viscosity be- 
comes too high and material cannot readily be 
dispensed. 

Preferably, the (at least partially fill d) epoxy 
resins useful in connection with the present inven- 
tion are chosen to exhibit glass transition tempera- 
tures, T g , which are greater than the operating 
temperature of the ceramic chip carrier 10. Other- 
wise, material fracture will occur. 

A preferred embodiment of an (at least partially 
filled) cyclohexyldiepoxide resin having the above 
desirable characteristics is one sold under the 
tradename Hysol FP0045 by the Dexter Corpora- 
tion of California, USA. As sold, this (at least par- 
tially filled) epoxy resin includes between 63% (by 
weight) and 66.5% (by weight) silica filler material, 
with the corresponding CTEs of the at least par- 
tially filled epoxy resin ranging from about 25-35 
ppm/*C. The Hysol FP0045 also exhibits a viscos- 
ity of 195-265 Pa-S at 25 *C, and, when dispensed 
through a syringe, readily flows over surfaces of 
interest. 

After the Hysol FP0045 is deposited via, for 
example, a syringe onto portions of the lead frame 
or edge clip 80, solder connections 90, contact 
pads 40 and exposed circuitry on the surface 30 of 
the ceramic chip carrier 10, this resin is readily 
partially cured, by heating the ceramic chip carrier 
on a hot plate at 120°C for approximately one-half 
hour. The epoxy resin is then readily fully cured by 
heating the ceramic chip carrier in a hot air oven, 
at 150*C for at least two hours, and preferably for 
four hours. The resulting solder/(at least partially 
filled) epoxy resin connections then readily pass 
the standard fatigue test. 

Significantly, it has been found that the inven- 
tion, described above, can be extended to ceramic 
chip carriers employing pins as input/output con- 
nections to printed circuit cards or printed circuit 
boards, instead of lead frames or edge clips. That 
is, conventional pinned ceramic chip carriers have 
included either a single-layer 
ceramic substrate or a multi-layer ceramic sub- 
strate. In either case, at least one semiconductor 
chip has been mounted face-up or face-down on a 
surface of the ceramic substrate, using wire bonds 
or solder balls to effect electrical connections be- 
tween contact pads on the chip and contact pads 
on the ceramic substrate. Moreover, input/output 
electrical connections between the chip carrier and 
a printed circuit card or printed circuit board have 
been achieved via electrically conductive pins ex- 
tending fully or partially through through the thick- 
ness of the ceramic substrate, which pins protrude 
from the ceramic substrate and are to be inserted 
into plated through holes in, for example, a printed 
circuit board. Conventionally, such pins have been 
incorporated into a ceramic substrate by initially 



inserting the pins into corresponding holes formed 
in the ceramic substrate, with the pins protruding 
from these holes. Then, the protruding pins have 
been inserted into hoi s formed in a die block and 

5 impacted with a piston traveling at a high speed in 
order to deform the pins so as to create a head 
and bulge on each pin, thereby locking each pin 
into the ceramic substrate. Obviously, the greater 
the number of pins, the greater is the kinetic en- 

io ergy which must be imparted to the piston. How- 
ever, in the case of, for example, single-layer ce- 
ramic substrates having dimensions of 36mm x 
36mm, attempts to lock more than 304 pins into 
such substrates have required the use of such high 

75 piston kinetic energies that the substrates have 
cracked. 

Attempts to avoid the substrate cracking prob- 
lem, described above, while achieving a pinned 
ceramic substrate having dimensions of, for exam- 

20 pie, 36mm x 36mm and containing more than, for 
example, 304 pins have involved attaching pins to 
contact pads on the surfaces of ceramic substrates 
using conventional brazing materials and brazing 
temperatures, e.g., temperatures as high as 750 

25 degrees C. This has been successful in those 
cases where the corresponding chips have been 
mounted face-up using wire bonds and the sub- 
strate circuitry has consisted of an alloy of silver 
and palladium (in the case of single-layer sub- 

30 strates) or a refractory metal such as molybdenum 
or tungsten (in the case of multi-layer substrates). 
Moreover, these brazed pin connections readily 
withstand the standard thermal fatigue test during 
which they are subjected to sinusoidal temperature 

35 cycling between 0 degrees C and 100 

degrees C, at a frequency of three cycles per hour, 
for at least 2000 cycles without any significant 
increase in electrical resistance, i.e., any increase 
in electrical resistance, if it occurs, is less than 200 

40 miiliohms. However, as before, in those cases 
where the 

chips have been mounted face-down using solder 
balls, and the substrate circuitry has consisted of, 
for example, copper with an overlying solder dam 
45 of chromium, the chromium has diffused into the 
copper during pin brazing, making chip joining im- 
possible. 

As alluded to above, it has been found that 
electrically conductive pins are readily attached to 

so contact pads on the surface of a ceramic substrate 
by initially forming a conventional solder connec- 
tion between each pin and the corresponding con- 
tact pad. Such a solder connection is readily 
formed at a temperature which is below the tem- 

55 perature at which a chromium solder dam would 
diffuse into copper circuitry. However, as before, 
such a conventional solder connection, per se, is 
incapable of passing the standard thermal fatigue 
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test, i.e., such a solder connection will exhibit an 
increase in electrical resistance equal to or greater 
than 200 milliohms when subjected to sinusoidal 
thermal cycling between 0 degrees C and 100 
degrees C, at a frequency of three cycles per hour, 
for at least 2000 cycles. But, as before, it has been 
found that encapsulating such a solder connection 
with an epoxy resin at least partially filled with an 
appropriate type and amount of filler material, 
serves to achieve a combination solder/epoxy resin 
connection which readily passes the standard ther- 
mal fatigue test. Also as before, the at least par- 
tially filled epoxy resin should have a CTE which is 
within +/- 30% of the CTE of the solder connec- 
tion. Provided this requirement is met, it has been 
found that stresses applied to the solder connec- 
tion, such as those applied during the standard 
thermal fatigue test, are shared by the at least 
partially filled epoxy resin, and the combination 
solder/epoxy resin connection readily passes the 
standard thermal fatigue test. On the other hand, if 
the CTE of the at least partially filled epoxy resin 
does not meet the above requirement, then it has 
also been found that there is little or no stress 
sharing, and such a solder/epoxy resin connection 
will fail the standard thermal fatigue test. 

With reference now to Fig. 2, a preferred em- 
bodiment of a pinned ceramic chip carrier 110, in 
accordance with the invention, includes a single- 
layer ceramic, e.g., alumina or aluminum nitride, 
substrate 120. This substrate has at least one sur- 
face 130 bearing electrical circuitry, including cir- 
cuit lines (not shown) and one or more electrical 
contact pads 140. As with the embodiment de- 
picted in Fig.1, the electrical circuitry on the sur- 
face 130 is formed using, for example, the conven- 
tional thin film/subtractive etch process yielding 
circuit lines having widths which are preferably 
equal to or less than about 25.4 urn (about 1 mil) 
and thicknesses which are preferably equal to or 
less than about 7.62 urn (about 0.3 mils). In addi- 
tion, the circuit lines and contact pads 140 are of 
an etchable metal having an electrical resistivity 
equal to or less than about 1.7x10" 8 ohm-meters, 
such as copper. Although not depicted in Fig. 2, as 
with the embodiment depicted in Fig. 1, a pat- 
terned layer of chromium, having a thickness of, for 
example, 80 nm (800 A (Angstroms)), is preferably 
provided between the circuitry and the ceramic 
substrate 120 to increase the adhesion of the for- 
mer to the latter. In addition, a patterned layer of, 
for example, chromium, having a thickness of, for 
example, 110 nm (1100 A), is provided directly on 
top of the circuitry to serve as a solder dam. 

At least one semiconductor chip 150 is prefer- 
ably mounted in a flip-chip configuration on the 
circuitized surface 130 of the ceramic substrate 
120 using, for example, solder balls 160. If desired, 



a ceramic cap (not shown) may be epoxied to the 
surface 130, over the semiconductor chip 150, so 
as to protect the chip 150 from mechanical dam- 
age and from the environment. 

5 The inventive, pinned ceramic chip carrier 110 

also includes one or more electrically conductive 
pins 170, each of which is mechanically and elec- 
trically connected to a contact pad 140 on the 
surface 130. Each such pin is fabricated from, for 

io example, a copper-zirconium alloy plated with suc- 
cessive layers of nickel and gold, as is conven- 
tional. In addition, the mechanical/electrical connec- 
tion between the head 180 of each such pin 170 
and its corresponding contact pad 140 includes a 

is region of solder 190, having a composition which 
includes, for example, 10% (by weight) tin (Sn) and 
90% (by weight) lead (Pb). As before, such a 
solder connection is readily formed by depositing a 
corresponding region of solid solder onto a contact 

20 pad 140, placing the head 180 of a pin 170 on the 
region of solder, and then melting and reflowing the 
solder at a temperature of, for example, 365 de- 
grees C, which is below the temperature at which 
the chromium solder dam diffuses into the copper 

25 circuitry. As noted above, this solder connection, 
per se, is incapable of passing the standard ther- 
mal fatigue test. 

As before, in accordance with the invention, 
each solder connection between a contact pad 140 

30 and the head 180 of a pin 170 is at least partially, 
and preferably totally, encapsulated in a region of 
material 200 which is chosen in relation to the 
solder connection so that the solder connection is 
capable of passing the standard thermal fatigue 

35 test. While not essential, the material 200 is prefer- 
ably also chosen so as to be useful in encapsulat- 
ing the circuitry on the surface 130, as depicted in 
Fig. 2, in order to protect the circuitry from the 
environment. 

40 As with the material 100 used in connection 
with the embodiment of Fig. 1, a main ingredient of 
the material 200 is an epoxy resin, and a wide 
variety of epoxy resins, including cyclohexyldiepox- 
ide resin, have been found to be useful. But, as 

45 noted above, all of these epoxy resins, per se, 
have been found to have CTEs which are more 
than 30% greater than the CTE of the solder con- 
nection. Consequently, in accordance with the in- 
vention, whatever epoxy resin is employed, the 

so epoxy resin is modified by incorporating an appro- 
priate filler material into the epoxy resin, having a 
CTE lower than that of the epoxy resin, per se, to 
achieve an at least partially filled epoxy resin hav- 
ing a relatively low CTE. In addition, a sufficient 

55 amount of filler material is added so as to achieve 
an at least partially filled epoxy resin which exhibits 
a CTE which is within 30% of the CTE of the 
corresponding solder connection. Moreover, to 
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avoid short-circuiting the electrical connection be- 
tween a contact pad 140 and the corresponding pin 
170, the filler material should be electrically insulat- 
ing. Thus, one useful filler material is, for example, 
silica. 

As before, the uncured epoxy resin, at least 
partially filled with an appropriate filler material, 
preferably has the viscosity range prescribed 
above, for the reason given above. In addition, if 
the solder connection, per se, has a composition 
which includes 10% tin and 90% lead, and if the 
corresponding epoxy resin has a composition 
which includes cyclohexyldiepoxide resin, then the 
amount of silica filler material incorporated into 
such an epoxy resin preferably extends over the 
percentage range given above, for the reasons 
given above. Moreover, the glass transition tem- 
perature of such an at least partially filled epoxy 
resin should be greater than the operating tempera- 
ture of the pinned chip carrier 1 10 to avoid material 
fracture. 

As with the material 100, a preferred embodi- 
ment of the material 200 is the cyclohexyldiepoxide 
resin sold under the tradename Hysol FP0045 by 
the Dexter Corporation of California, USA. This 
material is readily dispensed via, for example, a 
syringe onto the circuitized surface 130 of the 
pinned chip carrier 110 and readily flows over, and 
thereby encapsulates, the contact pads 140 and 
corresponding solder connections 190, as well as 
the circuit lines on the surface 130. Moreover, this 
material is then readily fully cured, using the heat- 
ing procedure described above. 

Rather than encapsulating the circuit lines on 
the surface 130 in the at least partially filled epoxy 
resin used to encapsulate the solder connections 
190 between the contact pads 140 and the heads 
180 of the pins 170, these circuit lines can also be 
encapsulated in the UV-curable, urethane-contain- 
ing material described in U.S. Application Serial 
Number 07/909,368 filed by Brenda D. Frey, 
Charles A. Joseph, Francis J. Olshefski and James 
W. Wilson on July 6, 1992, which is hereby incor- 
porated by reference. Alternatively, if damage from 
the environment is not a concern, then these circuit 
lines need not be encapsulated in any material at 
all. 

In the preferred embodiment of the pinned chip 
carrier 110, described above and depicted in Fig.2, 
the ceramic substrate 120 is a single-layer sub- 
strate. Moreover, the semiconductor chip 150 is 
mounted on the surface of the single-layer sub- 
strate 120 bearing the pins 170. However, the in- 
vention is also applicable to pinned chip carriers 
which include multi-layered ceramic substrates. 
Moreover, in such a configuration, the pins can be 
attached to, for example, the bottom surface of the 
multi-layered substrate while the semiconductor 



chip can be mounted on, for example, the top 
surface of the multi-layered substrate. 

Claims 

5 

1. A semiconductor chip package (10), compris- 
ing: 

a ceramic substrate (20) including a first sur- 
face (30) and a second surface, opposing said 

w first surface; 

at least one semiconductor chip mounted on 
said first surface (30); and 
at least one pin which is mechanically con- 
nected to said ceramic substrate and elec- 

75 trically connected to said at least one semicon- 

ductor chip, Characterized In That 
said pin is mechanically connected to a con- 
tact pad (40) on either said first surface or said 
second surface of said ceramic substrate, the 

20 mechanical connection between said pin and 

said contact pad, as well as the electrical con- 
nection between said pin and said semicon- 
ductor chip, including a region of solder at 
least partially encapsulated in a region of ma- 

25 terial including an epoxy resin, said material 

region being chosen in relation to said solder 
region so that said solder region exhibits an 
increase in electrical resistance less than 200 
milliohms when said solder/material connection 

30 is subjected to sinusoidal thermal cycling from 

0*C to 100*C, at a frequency of 3 cycles per 
hour, for 2000 cycles. 

2. The semiconductor chip package of claim 1, 
35 wherein said solder region is characterized by 

a first coefficient of thermal expansion, CTEi , 
and said material region is characterized by a 
second coefficient of thermal expansion, CTE 2 , 
and wherein 

40 

CTEi-30%CTE! S CTE 2 £ CTEt +30%CTE, 

3. The semiconductor chip package of claim 1, 
wherein said epoxy resin is at least partially 

45 filled with a filler material, which filler material, 

per se, has a coefficient of thermal expansion 
which is less than a coefficient of thermal 
expansion of said epoxy resin, per se. 

so 4. The semiconductor chip package of claim 1, 
wherein said epoxy resin includes cyclohexyl- 
diepoxide resin. 

5. The semiconductor chip package of claim 3, 
55 wherein said filler material is electrically in- 

sulating. 
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6. The semiconductor chip package "of claim 3, 
wherein said filler material includes silica. 

7. The semiconductor chip package of claim 1, 
wherein said ceramic substrate includes alu- 5 
mina. 

8. The semiconductor chip package of claim 1, 
wherein said ceramic substrate includes alu- 
minum nitride. w 
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